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(54) Method for the frequency correction of multicarrler signals and related apparatus 

(57) Various methods for terrestrial transmission of 
digital broadcast signals as DVB, HDTV-T and DAB sig- 
nals are known. One of these methods is the OFDM 
method, where the transmitted signal includes a multi- 
plicity of modulated carriers. These carriers are sepa- 
rated in the receiver by means of a Fast Fourier 
Transformation (FFT). Before being transposed in the 
frequency domain by the FFT, the analog signal must be 
sampled. For this purpose a local oscillator controls the 
timing in front of the FFT. Oscillator imperfections like jit- 
ter and frequency offsets can degrade the accuracy of 
the sampling operation and therefore introduce intercar- 
rier interferences after the FFT. A feedback loop com- 
bining the AFC and CPEE process has been designed 
in order to correct frequency deviations and to reduce 
jitter of the signal without introducing signicant phase 
noise. 
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Description 

The present invention relates to the frequency cor- 
rection of multicarrier signals and to a corresponding 
apparatus, especially for controlling the local timing s 
oscillator in a OFDM receiver. 

Background 

Various methods for terrestrial transmission of dig- 10 
ital broadcast signals are known, having modulation 
types like OFDM, QPSK and QAM. Examples for such 
broadcast signals are DVB (digital video broadcast), 
HDTV-T (hierarchical digital television transmission) 
and DAB (digital audio broadcast) signals. is 

At the OFDM method (OrthogonaJy Frequency Divi- 
sion Multiplexing) the transmitted signal includes a mul- 
tiplicity of modulated carriers. These carriers are 
separated in the receiver by means of a Fast Fourier 
Transformation (FFT). Before being transposed in the 20 
frequency domain, the analog signal must be sampled. 
For this purpose a local oscillator controls the timing in 
front of the FFT. Oscillator imperfections (jitter, fre- 
quency offset) can degrade the accuracy of the sam- 
pling operation and therefore introduce intercarrier 2s 
interferences after the FFT The Automatic Frequency 
Control processing (AFC) and the Common Phase 
Error Estimation processing (CP EE) are suited to give 
estimates of the frequency errors in order to correct the 
oscillator imperfections. 30 

Invention 

It is one object of the invention to disclose a method 
which allows to reduce frequency d eviations and j itter of 35 
multicarrier signals. This object is reached by the inven- 
tive method disclosed in claim 1 . 

It is a further object of the invention to disclose an 
apparatus which utilises the inventive method. This 
object is reached by the apparatus disclosed in daim 6. 40 

The AFC process has the advantage that it can 
detect large frequency deviations up to 20 times the car- 
rier spacing. But it can be performed only once per 
block, which is delimited by two consecutive reference 
symbols. Its result is available after a large processing 45 
delay of approximatively 18 symbols. Therefore, it can- 
not be used to correct the jitter of the oscillator. Further- 
more, it leaves offsets which can degrade considerably 
the performances for the sensitive layers. 

The CPEE process on the other hand provides a so 
good accuracy because a filtering of the noise over a 
large number of pilot cells is performed. It can be per- 
formed for each symbol and therefore allows to detect 
oscillator jitter. The result is available after a delay of 4 
symbols. But. because the CPEE is based on phase 55 
comparisons, it cannot handle large frequency devia- 
tions. A rotation of ±jt between two symbols is the max- 
imum theoretical value. 



Therefore, according to the invention both methods 
are combined in a feedback loop, in which the AFC is 
used to correct the frequency offset at initialisation and 
the CPEE to correct the remaining deviation and the jit- 
ter after the initialization. This allows to remove a large 
part of the frequency deviations and of the low-fre- 
quency components of the local oscillator jitter without 
introducing any significant phase noise. 

In principle, the inventive method for the frequency 
correction of mufticarrier signals consists of a feedback 
control loop in which a first and a second process for 
estimation and/or correction of the carrier frequency 
deviation is performed, wherein the first process treats 
frequency deviations in the order of several carrier 
spacings and the second process treats frequency devi- 
ations in the order of a fraction of the carrier spacing. 

Advantageously between the first and second proc- 
ess is switched over in dependance of a threshold 
value. 

Advantageously the first and second process of the 
frequency deviation estimation are performed after sep- 
aration of the various carriers of the multicarrier signal 
and the results are used to correct the baseband signal 
in front of the carrier separation. 

Furthermore the multicarrier signal can be an 
OFDM signal comprising CAZAC-Sequences. M- 
Sequences and pilot cells, and in the first process 
CAZAC-Sequences and M-Sequences are investi- 
gated, which are distributed in the reference symbols of 
the OFDM signal, and in the second process the fre- 
quency deviation is estimated by averaging the phase 
variation over the pilot cells. 

It is of advantage that the feedback control loop per- 
forms the following steps: 

when the first process is switched on, the second 
process is switched off during a whole block; 

■ during the following block it is switched between the 
first process and the second process; 

• at the end of that block the second process is reini- 
tialized; 

after reinitialization the second process is switched 
on and the first process is switched off. 

In principle the inventive apparatus for the fre- 
quency correction of multicarrier signals, consists of 
that in a feedback control loop a first and a second unit 
for estimation anoYor correction of the carrier frequency 
deviation are comprised, wherein the first unit treats fre- 
quency deviations in the order of several carrier spac- 
ings and the second unit treats frequency deviations in 
the order of a fraction of the carrier spacing. 

Advantageously the feedback control loop further 
comprises a multiplier for modulation of the multicarrier 
signal, a Fast Fourier Transformation unit for separation 
of the various carriers of the muiticamer signal, whereby 
the signal of separated carriers is supplied to the first 
and second unit for estimation and/or correction of the 
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carrier frequency deviation, the outputs of said first and 
second unit are fed to a local oscillator and the output 
signaJ of the local oscillator is fed to the multiplier. 

Drawings 5 

Preferred embodiments of the invention are 
described with reference to the accompanying draw- 
ings, which show in: 

10 

Fig. 1 a time (a) and transition diagram (b) of the 

inventive process; 
Fig. 2 a block-diagram of the inventive feedback 

loop; 

Fig. 3 the convergence of the CPEE with and with- is 

out reinitialization; 
Fig. 4 results of the CPEE with different frequency 

deviations; 

Fig. 5 the frequency jitter reduction for different val- 
ues of Kf 2 ; 20 

Fig. 6 a block diagram of a receiver according to 
the invention. 

Preferred embodimpnfo 

25 

A time and transition diagram of the processing is 
shown in Fig. 1a and 1b, respectively. In Fig. 1a each 
block B1, B2. B3. ... consists of 25 symbols. The AFC 
result is available only after a large delay of about 18 
symbols and there is no way to predict it. Therefore, it 30 
has to be waited for the following block B2 before 
switching on the AFC and to switch off the CPEE during 
that block (marked in the figure by CPEEo). This yields 
a one block delay for switching on the AFC. At the end 
of that block, it is better to reinitialize the CPEE (marked 35 
in the figure by CPEEini) to rely upon relevant values 
from the beginning and avoid convergence time. For the 
following blocks B3, B4 the CPEE correction is per- 
formed. 

The transitions between APC and CPEE are shown 40 
in Fig. 1b. Initially the processing is in state 1, perfoming 
the AFC. After initialization the CPEE must be switched 
on, the AFC must be switched off, symbolized by state 
2. The AFC result is then compared to a threshold value 
af 9 . Whether it is smaller or larger than the validity limit 45 
of the CPEE. the processing remains either in state 2 or 
turns back to state 1 , performing the AFC processing for 
the next block. 

A principle block-diagram of the feedback loop 
structure according to the invention is shown in figure 2. so 
Digital data are fed to a Fast Fourier Transformation 
FFT, which separates the different carriers. The output 
of the FFT is fed to the AFC and CPEE processing 
units. For the AFC processing the so-called CA2AC- 
Sequences and M-Sequences, distributed in the refer- ss 
ence symbols of the OFDM signal, are investigated. At 
the CPEE processing the frequency deviation is esti- 
mated by averaging the phase variation over the pilot 



cells. The AFC result is compared to a threshold value 
<tf 3 in unit COMP, yielding the values 0 or 1. The result- 
ing value is delayed by one block in D1B and multiplied 
in M2 either with Symbref = 1, if there is a reference 
symbol or with Symbref = 0, if there is no reference sym- 
bol. The multiplication result of M2 is used for two pur- 
poses. First it is fed to a further multiplication unit M1, 
where it is multiplied with the original AFC result. The 
result of M1 then is scaled in unit KM and fed to the 
Adder A1. Secondly the multiplication result is delayed 
by seven symbols in D7S and is fed to the CPEE unit for 
initialization. The result of the CPEE, which is a phase- 
error estimation, is then converted into an equivalent 
frequency deviation in the converter CONV. The con- 
verted result is fed to the multiplier M3. where it is mufti- 
plied with the result of the comparator COMP, delayed 
by seven symbols in D7S. The result of M3 is scaled in 
Kf2 and also fed to the adder A1 . The multipliers M1 and 
M3 together with the adder A represent a switching 
function, passing either the result of the AFC process or 
that of the CPEE process, depending on the result of 
the comparison 'in COMP. The result of A1 is filtered at 
the end of the loop in an II R filter, which is built up by a 
delay D1S, amplifier Kl and adder A2 to maintain the 
preceeding correcting value. The corrected signal is fed 
to a digital controlled oscillator DCO in front of the FFT, 
which is used for modulation of the new incoming sam- 
pled data by the modulator M. 

Fig. 3 shows the convergence of the CPEE with and 
without reinitialization for parameters as used for the fol- 
lowing simulations. The reinitialization occurs at the 
26th symbol S26. As can be seen, the algorithm needs 
a few blocks of about 4 and 5 blocks to converge if it is 
not reinitialized (broken line). This roughly corresponds 
to a duration between 30 and 40 ms. This time delay is 
not needed, if reinitialization is used (full line). 

Particularly suited values of the parameters will be 
defined in the following and have been determined by 
means of simulations. 

In the simulations, the AFC can always correct the 
rough deviation in one step and do not need to be 
switched on several times consecutively. However, there 
may be conditions where one AFC correction step is not 
sufficient. In that case, a second structure can be 
defined to enable the AFC to stay in the state ON. 

The theoretical limit of the CPEE corresponds to a 
rotation of the carriers of 7t during the symbol length. In 
the case of a 2K OFDM, with a 1/4 guard interval, it cor- 
responds to a limit of 1562.5 Hz. Because of the pres- 
ence of noise, the domain of validity in real conditions is 
smaller than that limit value. Simulations have been per- 
formed to evaluate it 

Parameters of the simulations: 

• 2K OFDM, guard interval 1/4; 

• Rice channel (k=l0, SNR=23,5dB) and Rayleigh 
channel (SNR=*8,5dB); 



3 



Seite 



-3- 



5 



BP 0 817 418 A1 



6 



common phase noise; 
constant frequency deviation. 

The results in both channels are shown in figure 4. 
With a frequency deviation of 1300 Hz (foil line), the s 
common phase estimates are always relevant and 
could be fed back to the DCO. The small variations of 
the estimates are due to the phase noise and to the 
additive gaussian noise. With 1500 Hz (broken line) due 
to the near theoretical limit the algorithm cannot distin- io 
guish between a positive and a negative frequency devi- 
ation. According to that results, a value of a=0.2. which 
corresponding to about 800Hz, is a reasonable thresh- 
old. 

The AFC presents the advantage of having finished is 
its correction before the next reference symbol goes 
through the FFT That means the deviation can be cor- 
rected in one step without any risk of instability. A coef- 
ficient Kf t al can be used and ensure the rapidity of the 
correction. 20 

As the correction occurs with a delay of 4 symbols, 
the choice of a too large coefficient Kf 2 can cause insta- 
bility of the system. This is shown with the following the- 
oritical calculations: 

At time k, let 2 s 

x(k) be the frequency deviation of the DCO, 
C(k) be the correction, 
y(k) be the corrected frequency, 
y (k) the estimation of y(k) (from the CP EE). 

y(k-4) is fed back to the DCO and the following 
equations can be writen: 

C(k)=K r C(k-1)-Kf r /(k-4) 
V(k)=x(k)+C(k) 

which yields: 

y(k)-x(k)=K r y(k-1 )-K r x(k-1 )-Kf 2 .y(k-4) 

If a perfect estimation of the CPEE is assumed, the 
following equation of a 4th order MR filter is obtained: 



ing: 



y(k)-x(k)=K r y(k-1)-K r x(k-l)-Kf 2 .y(k^) 
The Laplace transform of the MR filter is the follow- 



45 



H(z). 



1 -K! x z' 1 



1 -KIxz' 1 + Kf P x z' 4 



The system is stable if the amplitude of each zero is 
smaller than 1 . When Kl is close to 1 , it corresponds to 
a limit value of Kf 2 «0.44. The chosen value Kf 2 should 



55 



be smaller than that limit value to provide a decay factor. 

The feedback loop relies upon an estimation of the 
frequency deviation that is based on noise-affected sig- 
nals and introduces therefore additive phase noise. Low 
values of Kf 2 can reduce the power of that phase noise 
but will limit the correction to the very low frequencies of 
the frequency jitter. A compromise between those two 
phenomena must be found. 

This compromise can be found by simulations of 
the response of the system with different values of Kf 2 
and different jitters. The jitters that are been used are 
composed of two frequencies fm 1 and fm 2 . The fre- 
quency deviation Affi) can be written as follows: 

M(t) = h 1 x cosfafmrf + h 2 x cos(2nfm 2 t) 

with the following sets of values (in Hz): 

fm 1= 1, h 1= 48, fm2=4, h 2 =16 

• fm 1= :10. h 1 =48, fm2=40, h 2 *16 

• ^=20, ^=48, frn^SO, h 2 ==16 

parameters of the simulations: 

• 2K OFDM, guard interval 1/4; 

• Rice channel (k=l0, SNR=23,5dB) and Rayleigh 
channel (SNR=8,5dB). 

Typical results are shown in figure 5 in comparison 
with the non-corrected behaviour (thick full line). 
According to the previous, a too large value of Kf2 pro- 
duces instability and does not ensure the convergence 
of the system. The simulation gives a limit value around 
0.4 (broken line). For smaller values such as 0.25 (thin 
full line), there is no problem of stability. The phase 
noise introduced by the loop does not bring much deg- 
radation of the results, even for large values of Kf2. For 
example, for Kf2=0.3, the corresponding degradations 
are in both cases less than 0,05dB. Simulations have 
also shown that frequencies up to 30 Hz are removed. 
Therefore, a suited value is Kf2=0,3, which corresponds 
to one of the largest possible values without any risk of 
instability. 

A value very close to one had to be chosen for the 
Coefficient KL The simulations have been performed 
with 0.99995 which gives good results. 

The blockdiagram of a possible OFDM receiver 
according to the invention is shown in figure 6. The 
front-end FE and source decoding parts are left out in 
order to enhance clarity. After a lowpass filtering the 
baseband signal BB is converted by means of a Analog- 
to-Digital converter AD and after modulation by the 
complex multiplier M fed to the FFT unit To avoid inter- 
carrier-interferences of the OFDM carriers caused by an 
incorrect sampling phase, the feedback loop built up by 
the AFC and CPEE units and the digital controlled oscil- 
lator DCO corrects the frequency position of the base- 
band signal (or generally of the down-converted signal) 
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to a value corresponding with the sampling rate. The 
FFT process itself is started by a special impulse which 
is derived by the unit NSD from the null symbol of the 
OFDM transmission frame. Fine positioning of the FFT 
is performed by the evaluation of speciai synchroniza- 
tion symbols. The setting of the FFT window, control of 
its position and time base are performed by the unit 
FFTPAR. For channel estimation a known set of refer- 
ence symbols is compared with the received reference 
symbols in unit CEST The estimated values are used to 
feed the channel correction unit CCORR in the signal 
processing path, which typically consists of four multipli- 
ers in the signal path for correcting amplitude and phase 
of each carrier. The resuft is finally successive fed to a 
deinterleaving unit DEINT, a soft symbol demapper 
DEMAP and a Vrterbi decoder VITDEC, to which also 
the result of a SNR estimation determined in SNR is 
supplied. 

The invention can be used for transmission, in par- 
ticular terrestrial transmission, of e.g. digital TV, digital 
audio or other digital data signals. 

Claims 



1. 



2. 



3. 
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Method for the frequency correction of multicarrier 
signals, characterized in that in a feedback control 
loop a first (AFC) and a second (CP EE) process for 
estimation and/or correction of the carrier fre- 
quency deviation is performed, wherein the first 
process (AFC) treats frequency deviations in the 
order of several carrier spacings and the second 
process (CPEE) treats frequency deviations in the 
order of a fraction of the carrier spacing. 

Method according to claim 1 , characterized in that 
between the first (AFC) and second (CPEE) proc- 
ess is switched over in dependance of a threshold 
value (a/a). 

Method according to claim 1 or 2, characterized in 
that the first (AFC) and second (CPEE) process are 
performed after separation of the various carriers of 
the multicarrier signal and the results are used to 
correct the baseband signal in front of the carrier 
separation. 

Method according to any of claims 1 to 3, charac- 
terized in that the feedback control loop performs 
the following steps: 

when the first process (AFC) is switched on, 
the second process(CPEE) is switched off dur- 
ing a whole block (B1); 

• during the following block (B2) it is switched 
between the first process(AFC) and the second 
process(CPEE); 

• at the end of that block (B2) the second proc- 
ess (CPEE) is reinitialized; 
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after reinitialization the second process 
(CPEE) is switched on and the first proc- 
ess(AFC) is switched off. 

Method according to any of claims 1 to 4, charac- 
terized in that the multicarrier signal is an OFDM 
signal comprising CAZAC-Sequences, M- 
Sequences and pilot ceils, and in the first process 
(AFC) CAZAC-Sequences and M-Sequences are 
investigated, which are distributed in the reference 
symbols of the OFDM signal, and in the the second 
process (CPEE) the frequency deviation is esti- 
mated by averaging the phase variation over the 
pilot cells. 

Apparatus for the frequency correction of multicar- 
rier signals, characterized in that a feedback con- 
trol loop comprises a first (AFC) and a second 
(CPEE) unit for estimation and/or correction of the 
carrier frequency deviation in the first unit (AFC) 
treats frequency deviations in the order of several 
carrier spacings and the second unit (CPEE) treats 
frequency deviations in the order of a fraction of the 
carrier spacing. 

Apparatus according to claim 6, characterized In 
that the feddback control loop further comprises: 

• a multiplier (M) for modulation of the multicar- 
rier signal; 

• a Fast Fourier Transformation unit (FFT) for 
separation of the various carriers of the multi- 
carrier signal, whereby the signal of the sepa- 
rated carriers is supplied to the first (AFC) and 
second (CPEE) unit for estimation and/or cor- 
rection of the carrier frequency deviation; 

• a local oscillator (DCO), the output of which 
depends on the result of said first (AFC) and 
second (CPEE) unit and is fed to the multiplier 
(M). 
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